Bone accumulation by porcupines at archaeological sites is well known. however, in paleontological sites such a taphonomical occurrence is rather rare. We here report porcupine (hystrix sp.) gnaw marks on an unidentified bone fragment, dated to ~2.6 Ma from the Upper Siwalik deposits exposed near Khetpurali (haryana), India. the present gnaw marks are very distinct and are characterized by visible edges and grooves making clear broad and shallow furrows. The present find adds to our knowledge of Siwalik vertebrate taphonomy where most of the accumulations reported earlier were either fluvial or made by carnivores.
INTRODUCTION
Some of the first taphonomical studies in the world were carried out on Siwalik vertebrate fossils wherein work was carried out on both experimental and field methods to understand the accumulation of vertebrate fossils. the taphonomic studies in the Siwaliks have so far been concentrated mostly on large mammals vis-à-vis their environment and mode of deposition (Gaur and Chopra 1984 , Badgley 1986 , Barry et al. 1995 , Badgley and Behrensmeyer 1995 , Behrensmeyer and Barry 2005 , Dennell et al. 2005 . the Siwalik exhibits fossil accumulations both by natural (fluvial) and biological (mostly carnivores) agents. Scatological accumulations have also been reported (Patnaik 1995) . A large number of fossil bones have been recovered since the early 19 th century but there are very few findings of biogenically modified fossilised bones till date. A recent discovery of alleged cut marks on long bones recovered from the Upper Siwaliks exposed at Masol near Chandigarh (Malassé et al. 2016) has generated a lot of interest on whether early humans were responsible for these modified bones or the cut marks are made by other processes. While looking for ancient bones modified by early carnivores/scavengers in the Upper Siwaliks near Chandigarh, we have come across a fragment of a long bone from Khetpurali In fact porcupine act as a major taphonomic agent and have been found to disturb sites resulting in the mixing of archaeological material (Lenoble et al. 2008 , Więckowski et al. 2013 .
the family hystricidae most probably originated in SE Asia (Sen and Purabrishemi 2010) and appears in the Siwaliks of the Indian Subcontinent in the Middle Miocene represented by Sivacanthion complicates (Colbert 1935 , Montoya 1993 , Van Weers 2005 . In the Middle Siwalik Hystrix sivalensis at 8.0 Ma (Lydekker 1878, Black 1972, Barry et al. 2002) followed by the appearance of Hystrix cf. H. leucurus in the Upper Siwaliks (Black 1972). today, Hystrix indica (the Indian porcupine) is fairly widespread and is found in China, Southeast Asia, Indonesia, Indo-Pakistan, and the Mediterranean region (Hlusko 2007) . though the occurrence of Hystrix sp. from the Siwaliks has been dated to the Miocene times, gnawing marks on fossil bones made by them have never been reported till date from South Asia. the present paper deals with an isolated mammalian limb bone showing possible evidence of porcupine gnawing. It was recovered from a paleomagnetically dated ~2.6 Ma Khetpurali section (Tandon et al. 1984) . here, the gnawing marks are described, compared and discussed in the light of taphonomic accumulation by Siwalik mammals.
MATERIALS AND METHODS
the long bone fragment (KP/KK/BS/129) has a smooth surface, a semicircular cross section and a filled marrow cavity. It was collected by one of us (BS) from the surface of the outcrop belonging to the tatrot Formation exposed near Khetpurali village (30º41′32′′N, 76º59′37.4′′E) ( Figure  1a ) located about 40 km east of Chandigarh. Lithologically, this fossiliferous horizon consists of alternating grey to brownish grey sandstones and variegated mudstones with thickness varying from 1 to 5 m. the section was measured and correlated with the paleomagnetically dated Khetpurali Nala section (Figure 1b ). the fragmentary fossil bone is well preserved and is about 5.5 cm long and 3.5 cm in diameter (Figure 2a ). In order to closely observe and examine the marks on the fossil bone, it was studied under a light microscope Leica S8APO (Figure 2b, c and d) . Figure 2e shows a line drawing of the gnawing marks. A polyester replica was prepared and the marks were scanned under the Scanning Electron Microscope-JSM 6490 housed at the Department of Geology, Panjab University, Chandigarh. Multiple grooves measuring between 2 to 5 mm in width and 10 to 12 mm in length are clearly visible (Figure 2f ).
RESULTS AND DISCUSSION
the fossil clearly displays the intensity of porcupine (Hystrix sp.) gnawing. the gnawing marks are in one particular direction (Figure 2b) indicating that the porcupine was holding the bone while gnawing it for a considerable period of time. the marks have evidently visible ridges and grooves, making clearly distinguishable furrows. ridges are straight and sharp whereas the grooves are smooth and flat. the grooves are not of uniform thickness and most likely the same area was gnawed multiple times. the gnaw marks were made prior to the burial of the bone, as the bone underwent mineralization along the fractures which overlap the gnaw marks, so the mineralization is subsequent (Figure 2d ). this is also evident from the colour of the gnaw marks (damaged area) and bone as both are of the same colour (Więckowski et al. 2013 ). The gnaw marks on the fossil bone very clearly resemble with those made on the bones found in the recent porcupine dens (Figure 3 ). though porcupines eat bark, roots, tubers, rhizomes, bulbs, fallen fruits, sometimes insects and small vertebrates, they frequently gnaw bones (Plug and Keyser 1994) . the main purpose of porcupine gnawing is either incisor sharpening (Brain 1980 , Lyman 1994 or nutrient intake (Swanson 1998, thornton and Fee 2001) preferably from the dryer and weathered bones (Lyman 1994) but sometimes they also devour fresh bones (Pokines 2014) . Drier and weathered bones are preferred because they are easy to gnaw (Lyman 1994). Majority of this gnawing behaviour is dietary in nature (for nutrient intake) and also to maintain the length of their ever-growing chisel-like incisors (roze 2009). Porcupines have broad upper and lower incisors and leave broader, flatter (and deeper) gnaw marks upon bone than smaller rodents (Pokines 2014) . Maguire et al. (1980) defined the gnaw marks of porcupines as "broad contiguous shallow scrape marks" and therefore they can be unmistakeably distinguished from all other marks like those made by carnivores, other animals or marks that result from butchering by humans, natural scratches or those made by tampering. Young carnivores tend to produce irregular grooves and striations while older carnivores produce punctate depressions and crenulated edges (Kibii 2009 1958 , Díez et al.1999 , Pokines and Peterhans 2007 , O'Regan et al. 2011 , Więckowski et al. 2013 (Table  I) . this is perhaps the first evidence indicating JAGJEEt KAUr et al.
PORCUPINE GNAW MARKS ON A SIWALIK BONE
An Acad Bras Cienc (2019) 91(1) e20170910 5 | 7 Pokines and Peterhans (2007) gnawing behaviour by porcupines (Hystrix) in the Siwalik faunal accumulation.
CONCLUSIONS
Porcupines (Hystrix sp.) are known for gnawing bones for incisor sharpening and nutrient intake. they leave characteristic gnaw marks on the bones. We here, for the first time, report porcupine gnaw marks from the Siwaliks of the Late Pliocene age. This find adds another aspect of taphonomic accumulations in the Siwalik hills, which earlier were primarily regarded as either fluvial accumulated or thought to be made by carnivores. This find also indicates that intensive and focussed field surveys are the need of the day to make such interesting discoveries in future.
